Summary Cytogenetic effects of dinocap were investigated in root tip cells of Allium cepa L. Mitotic index (MI), frequency of mitotic phases, mitotic and chromosomal abnormalities were determined in the presence of 0.00 (Control), 6.25 (EC 50/4 ), 12.5 (EC 50/2 ), 25 (EC 50 ), 50 (EC 50ϫ2 ), 100 (EC 50ϫ4 ) mg/l concentrations of dinocap at 12, 24 and 48 h treatment. 100 mg/l concentration was toxic in all treatment times. Mitotic index decreased significantly with increasing of concentration in all treatment periods as compared to their controls. However, dinocap has not induced significant effect on the percentage of the mitotic stages except 25 and 50 mg/l at 48 h. This fungicide induced stickiness, C-mitosis, bridges, laggards, multipolarity, polyploidy, fragments, micronuclei and binucleated cells. In addition, in pretreated root tips, chromosome breaks, fragments, tetraploidy and sister union were detected.
The extensive use of pesticides in modern agricultural practices has raised the question whether these chemicals induce any detactable cytological damage to the cells of living organisms. Though the use of these chemicals has become of necessity, their ingredients have induced acute toxic effects in different experimental systems (Degrassi and Rizzoni 1982 , Behera and Sharma 1990 , Vera Lopez et al. 1990 , Patil and Bhat 1992 , Sudhakar et al. 2001 . There are a number of possible ways in which humans can be exposed to pesticides and thus the toxic effects of pesticides may have consequences for consumers of food, as well as production workers, formulators and other applicators (Hrelia et al. 1996) . As a result, pesticides could have mutagenic/carcinogenic effects on the non-target biological systems (Grant 1978) .
In different experimental systems, the ingredients of pesticides have been shown to be an inhibitor in cell division and an inducer of chromosomal abnormalities (Degrassi and Rizzoni 1982, Badr 1983 ). Chromosomal aberrations have been considered as a reliable indicators of mutagenic activity, since there have been evidence for a correlation between chromosomal damage and toxic effects of a number of pesticides (Badr 1983 , Hidalgo et al. 1989 .
Since Levan (1938) introduced the first Allium test, root tip systems of various plants like Allium cepa (Badr 1983 , Fiskesjö 1985 , Sudhakar et al. 2001 , Allium sativum (Vera Lopez et al. 1990) , Vicia faba (Kihlman 1975, Degrassi and Rizzoni 1982) , barley (Behera and Sharma 1990) and Tradescantia (Ma and Grant 1982) have been widely used for determining the biological effects of chemicals. Evaluating the toxicity of environmental pollutants by plant materials was further stressed by various workshops (De Serres 1978) and Gene-Tox programmes (Constantin and Owens 1982) . Consequently many short term studies based on in vitro and in vivo tests were succesfully carried out for the detection and monitoring of a wide variety of environmental chemicals with mu-tagenic and carcinogenic potential (Ashby et al. 1988) . However, with the ever increasing list of chemicals, many of them awaited such testing and even confirmation to this effect. Since the study of the effect of several environmental chemicals on plant mitosis may provide valuable information in relation to possible genotoxicity in mammals and especially in human, this study was conducted to investigate the mitotic effects of dinocap using an amenable plant assay system-Allium test (Constantin and Owens 1982 , Fiskesjö 1985 and the results are reported here.
Materials and methods
The chemical used dinocap belongs to dinitrophenol fungicides and dinitrophenol acaricides group. Its selected trade names are karathane, crotothane, sialite. Its chemical compositon is 2,6-dinitro-4-octylphenyl crotonates and 2,4-dinitro-6-octylphenyl crotonates. CAS rejistry number: 39300-45-3. Chemical formula is C 18 H 24 N 2 O 6 . Molecular weight is 364.3 g/mol. The structural formula is as the following:
Dinocap is a contact fungicide with a protective and curative action. It is a non-systemic acaricide. Compounds of type (i) are more effective as acaricide, and those of type (ii) as fungicide. It is used to control of powdery mildews in pome fruit, stone fruit, citrus fruit, soft fruit, vines, cucurbits, ornamentals, tobacco, hops and some vegetables; and American gooesbery mildew in gooseberries and currants. It is also used in secondary control of mites (Panonycus, Tetranycus and Aculus ssp.) in fruit trees and vines.
The onion (Allium cepa, 2nϭ16) bulbs in equal size (1.5-2.0 cm) were chosen as the test material from a population of commercial variety. The outer scales of the bulbs were removed and the dry parts were scraped away without destroying the root primordia before the test was carried out. One day germinated bulbs in distilled water were placed in different concentrations of the pesticide. Dinocap concentrations used were 0.00 (Control), 6.25, 12.50, 25, 50 and 100 mg/l. EC 50 of the fungicide was determined before as 25 mg/l.
Twelve bulbs were used for each concentration and period of time. Following all the treatments, roots were detached, washed with water and fixed in 3 : 1 alcohol : acetic acid for 24 h and then stored in 70% alcohol in refrigerator until used. Cytological preparations were carried out using Feulgen squash technique and were made permanent by mounting in depex.
A total of 10,000 cells, 1,000 from each of ten different slides that were prepared from different bulbs for each concentration and treatment time, were examined for the effects of dinocap on mitotic index (MIϭthe number of dividing cells/total number of cellsϫ100), the frequency of mitotic phases and mitotic abnormalities. For mitotic disturbances, dividing cells were analysed and abnormalities in all phases were recorded. In addition, 100 metaphase cells were scored for each concentration and period of time for scaning aberrations only in metaphase (Nicolaff and Kappas 1987) . The data obtained for the mitotic index were statistically analysed using z-test and, for the frequency of mitotic phases, mitotic disturbances and metaphase aberrations were analysed using c
Results
Mitotic index (MI) was determined in the presence of 0.00 (Control), 6.25 (EC 50/4 ), 12.5 (EC 50/2 ), 25 (EC 50 ), 50 (EC 50ϫ2 ), 100 (EC 50ϫ4 ) mg/l of dinocap, as the percent ratio of dividing cells/total number of cells observed (Table 1) . 100 mg/l concentration of dinocap was toxic in all treatment times and no dividing cell was found. In all other concentrations, mitotic index decreased significantly with increasing of concentration in all treatment times as compared to their controls (rϭ0.76 at 12 h, rϭ0.70 at 24 h and rϭ0.82 at 48 h). However, dinocap has not induced significant effect on the percentage of the mitotic stages. Only 25 and 50 mg/l concentrations at 48 h have significant effect in the frequency of mitotic phases. The effect was the marked increase in anaphase at 50 mg/l and decrease in prophase at 25 and 50 mg/l. This fungicide induced a wide range of mitotic disturbances in root tips of A. cepa as compared to their controls ( Table 2 , Fig. 1 ). Percentage of total abnormalities were increased significantly in all concentrations and in all treatment times as compared to their respective controls. This increase was dose dependent and rϭ0.84 at 12 h, rϭ0.83 at 24 h and rϭ0.90 at 48 h. C-mitosis was the predominate abnormality with the frequency of 38.48%. The second dominant anomaly was stickiness, that was observed as 21.29%. Bridges and laggards were detected as 20.19% and 17.35%, respectively. In addition to these, multipolarities (1.30%), polyploidies (0.72%) and fragments (0.67%) were also observed in lower frequencies. C-mitosis, stickiness, bridges and laggard chromosomes were observed in all treatment concentrations and treatment times. However, multipolarities, polyploidy and fragments were not induced in all treatments. From these, only multipolarity was observed in all concentrations at 48 h duration. At interphase, on the other hand, binucle- ated cells and micronuclei containing cells were also observed (Fig. 1) . However, the percentage of these abnormalities were not significant when compared to their controls (Table 2 ). In addition to these abnormalities, when 100 metaphase cells from pretreated root tips were examined, chromosome breaks, fragments, tetraploidy and sister chromatid union types of aberrations were also detected (Table 3, Fig. 2 ). Again 100 mg/l concentration was toxic in all treatment times. Total chromosomal aberrations were increased significantly as the concentration increased, comparing to their controls (rϭ0.84 at 12 h, rϭ0.90 at 24 h and rϭ0.90 at 48 h).
Discussion
The used concentrations of dinocap caused significant and dose-dependent inhibition of mitot- ic index of A. cepa root meristems. Similar results were obtained after treating A. cepa root cells with the fungicides dithane and denmart (Badr 1988 ) and tridemorph (Cortes et al. 1982) . Carboxin and tridemorph fungicides have also depressed mitotic indices in the embryonic shoot cells in barley (Behera and Sharma 1990) . The decrease of the MI could be due to either blocking of G 1 suppressing DNA synthesis (Schneiderman et al. 1971) or a blocking in G 2 preventing the cell from entering mitosis (Van't Hof 1968). Sudhakar et al. (2001) reported that the lowering of mitotic index might have been achieved by the inhibition of DNA synthesis at S-phase. Chand and Roy (1981) proposed that 2,4-dinitrophenol inhibits DNA and RNA synthesis by reducing the oxidative phosphorylation in plants resulting in lower levels of ATP. On the percentage of mitotic phases, dinocap has not significant effect in general. However, 100 mg/l concentration was toxic and only 25 and 50 mg/l at 48 h duration reduced the percentage of prophase and, 50 mg/l at the same duration increased anaphase cells significantly. While tridemorph (Cortes et al. 1982) and thiram (Vera Lopez et al. 1990 ) fungicides effected the percentage of the mitotic stages, rotenone (Amer and Mikhael 1986) and racer (Yüzbaşıoglu et al. 2003) did not effected. Badr (1988) showed that dithane fungicide induced low frequencies of prophase in Allium cepa root tips. This may indicate that this compound inhibits mitosis by delaying the onset prophase. However, inhibition of mitosis was reported to be due to an action on DNA synthesis (Mohandas and Grant 1972, Chand and Roy 1981) . The general effect of malathion and tamaron insecticides was to increase of the percentage of metaphase and ana-telophase stages, this effect was accompanied by a rise in protein content of the treated Vicia faba root tips. This may be explained on basis that spindle formation required active protein synthesis to form the microtubules (spindle sub-units) (Adam et al. 1990) . Dinocap induced especially a wide range of mitotic abnormalities. Stickiness, C-mitosis, bridges and laggards were the common types, while multipolar anaphases and telophases, polyploidies and fragments were induced in some numbers. The percentage of total abnormalities increased with increasing of concentration when compared to their control groups. At interphase, 2 types of abnormalities recorded were binucleated and micronucleated cells. However, their percentage were not significantly different from their controls. These results are in line with the results of many scientists who examined the effects of different chemicals on different materials (Shahin and ElAmoodi 1991, Yüzbaşıoglu et al. 2003) . Badr (1988) reported that the fungicide dithane and denmart caused various mitotic abnormalities such as C-mitosis, chromosomal stickiness, breaks and bridges. Denmart also induced chromosome lagging, multinucleates and micronucleates. The insecticide rotenone induced disturbed meta-and anaphases in a high percentage, as well as chromosome stickiness, lagging chromosomes and ana-telophase bridges (Amer and Mikhael 1986) . C-mitosis indicated that the chemical caused inhibition of spindle formation similar to the effect of colchicine (Badr 1988 ). Shahin and El-Amoodi (1991) proposed that induction of C-mitosis is commonly associated with spindle poisons. The effect of nimrod and rubigan-4 on the spindle may be due to its effect on RNA, on protein synthesis or on spindle assembly (Shahin and El-Amoodi 1991) . Stickiness of chromosomes observed in such studies can be interpreted as the intercalation of the pesticide with DNA, leading to entanglement of chromatin threads (McGill et al. 1974 be produced by the action of the pesticide on the polymerization and spiralization processes, respectively. The sticky chromosomes may be resulted in fragmentation of chromosomes and bridges formation at ana-telophase stage (El-Ghamery et al. 2000) . The sticky cells increased as a result of dinocap application in the treatment groups in this study. The same results were obtained by other researchers using various pesticides (Badr 1988 , Chand et al. 1991 , Shahin and El-Amoodi 1991 . Chromosomal bridges observed in this study may be formed due to the brekage and fusion of chromosomes (Kaur and Grover 1985) or failure of the terminalization (Prakash et al. 1988) . Ahmad and Yasmin (1992) reported that the bridge formation can be due to the general stickiness of the chromosomes at metaphase stage. Chromosomal bridges was also induced in Vicia faba by malathion and tamaron insecticide (Adam et al. 1990) , in Allium cepa by dithane and denmart fungicides (Badr 1988 ) and in pearl-millet and sunflower by carbendazim fungicide (Chand et al. 1991) . The other abnormalities are the results of action on the spindle which affected by the fungicide. These are chromosome lagging, multipolar anaphase and telophases, polyploidies and micronucleated cells. The production of binucleate cells can be interpreted as a result of the inhibition of cytokinesis by fungicides (Shahin and El-Amoodi 1991) . Degrassi and Rizzoni (1982) attributed the occurence of micronucleus to the chromosome fragment or a whole chromosome. Fragmentation of chromosomes might be resulted from the sticky chromosomes and it leads to structural changes in chromosomes. The mitotic abnormalities such as bridges, fragment and micronucleus resulted from a clastogenic action on chromosomal DNA (Grant 1978) . Dinocap has also induced a significant increase of chromosomal aberrations at metaphase stage in all concentrations and treatment periods as compared to control groups. Four types of abnormalities recorded were chromosome breaks, fragments, tetraploidy and sister chromatid union. A number of pesticides which produced anomalies similar to those produced by dinocap, have been reported to induce mutation in higher plants. These include the atrazine and simazine (Wuu and Grant 1966) , dithane and denmart (Badr 1988 ) and racer (Yüzbaşıoglu et al. 2003) . Chemicals which induce chromosome breakage are known to exert a clastogen action on chromosomes which is generally regarded to involve an action on DNA (Grant 1978) . In this respect, the chromosomal aberrations are considered as reliable indicators of mutational change and are used as reliable evidence for screening the mutational activity (Kihlman 1975) . As a result of this study, it can be concluded that, dinocap has the possibility of mutagenicity to non-target organisms since it has exerted clastogenic as well as turbagenic effects in A. cepa similar to many other pesticides. Dinocap is generally used as 237.5 mg/l in the field. This concentration is nearly ten times higher than EC 50 value obtained here. If it is considered that even 100 mg/l concentration was toxic to A. cepa, the concentration used in the field is very high and should be very harmful to many organisms. Because of its clastogenic and turbogenic effects, dinocap should be used more carefully.
